Abstract. Patil SH, Kurlapkar DD, Gaikwad DK. 2019. Dye-yielding plant resources of Maharashtra, India: A checklist. Biodiversitas 20: 250-266. Natural dyes have rich variation in sources of dyestuff and possess superior aesthetic quality, which is more pleasing to the eye due to unique natural color. Because of their nontoxic effect, they are used for coloring textile, cosmetics, drugs, and various food products. Although indigenous knowledge system has been practiced over the years in the past, the use of natural dyes has diminished over generations due to lack of documentation. Also, there is not much information available on databases of either dye-yielding plants or their products. Therefore, the purpose of the present study was to document the dye yielding plant species and associated knowledge from the study area. Present study provides the first comprehensive checklist of dye yielding Angiosperms of Maharashtra and their resulting color, pigment, and distribution have also been reported. A checklist consists of 195 species distributed among 153 genera and 58 families are presented based on published literature on dye plants, various state and regional floras.
INTRODUCTION
In ancient times color was considered spiritual necessity of equal importance to the physical need of food. Since the very dawn of civilization, mankind has shown his liking and attraction of colors. Even in prehistoric days when man lived in caves, they used available natural dyestuff and pigment for coloring animal skin and their own skin during festivals as well as during wars (Rani et al. 2002) . Because they believed that the color would give them magical powers, protect them from evil spirits and help them to achieve victory in war (Siva 2003) . According to Dogan et al. 2003 , from the beginning of 13th-century use of natural dyestuff by Phoenicians, Hebrews and Venetians were also started. According to Pal (2017) the description of natural dyes presents in Atharva Veda, Bhrigu Samhita was written using natural dyes, the frescos of Ajanta dating as far back as 1st century A.D. were painted with natural dyes while in epics like Ramayana and Mahabharata, Pitamber a yellow garment used for decorating idols of deity is evident. Before 2500 B.C., Henna was used as dye while in Bible a reference of Saffron as dye also mentioned. In China first report of natural dye extraction from plant sources dates back to around 2600 B.C. During the Indus valley civilization at Mohenjo-Daro and Harappa (3500 B.C.), it was found that color on clothing has been practiced (Siva 2007) . In Egypt, it was also reported that peoples were used colored cloths for wrapping mummies. Chemical tests of red fabrics found in the tomb of King Tutankhamen in Egypt show the presence of alizarin, a pigment extracted from madder (Dangwal and Sharma 2011) . It was also known that peoples of Aztec and Maya culture used dye obtained from insect such as Cochineal dye (Visalakshi and Jawaharlal 2013) .
Till the 19 th century, natural dyes were used to dye textile, leather, furs, hairs, feathers, matting, basketry, bone, and ivory. In 1856, William Henry Perkin (Germany) accidentally discovered Mauveine, a synthetic colorant. With the advent of synthetic dyes competes with natural dyes and almost completely replaced the latter within a century (Maxia et al. 2013) . But in the last century use of synthetic dyes were disseminated throughout the world because of low cost, wide range of colors, greater reproducibility, and fastness. In recent years the adverse effects of these artificial colorants are getting highlighted. Productions of synthetic dyes make use of petrochemical source, and some of these dyes contain carcinogenic amines (Haji 2011) . Synthetic materials and their products are more complex; it will take a long time for decomposing and return to nature hence causes environmental pollution (Lal et al. 2011 ). The synthetic dyes or their intermediates like anthraquinone, azo, triarylmethane, etc. are potential carcinogenic or genotoxic compounds (Barański et al. 1992) . Research has shown that most of the synthetic dyes cause health-related problems, as it decreases food intake capacity, growth and fertility rate, causes damage to liver, spleen, kidney, and heart; inflicts lesions on skin, eyes, lungs and bones (Sinha et al. 2012) . Furthermore, synthetic dyes are failed to qualify environmental standards imposed by countries worldwide, this has led to the increasing demand to the natural colorants in textile industries.
Natural dyes obtained from plants and animals are pigmentary molecules which impart colors to the material. These molecules contain aromatic ring structure coupled with azide chain are usually required for resonance and thus to impart color. There is correlation of chemical structure with color, chromogen -chromophore with auxochrome. For textile coloration chromophore and auxochrome are considered as most important chemical constituents of dyes (Trotman 1984; Foulds 1995) . Natural dyes are eco-friendly, biodegradable and non-allergic as derived from natural resources. Most of the dyes are used known for their medicinal properties among Ayurvedic practitioners. In ancient time, in India different flowers like Seuli (Nyctanthes arbortristis L.), Palash (Butea monosperma (Lam.) Taub.) etc. used in Holi festivals and in those days this festival was safe because the natural dyes were not harmful to the human body (Das and Mandal 2012) . Natural dyes are having anticancerous, antiinflammatory and antimicrobial properties. Curcumin from Curcuma longa L., Lawsone from Lawsonia inermis L., Punicalagin from Punica granatum L. are known to possess antimicrobial properties and also dyes from Acacia catechu (L.f.) Willd., Quercus infectoria Oliv., Rubia cordifolia L. and Rumex maritimus L. exhibited antimicrobial activity against pathogenic bacteria (Singh et al. 2005) . These health beneficial features of natural dyes are due to flavonoids, tannins and other secondary metabolites. Natural dyes are also used in food products. One of the examples is lycopene-a red colored carotenoid pigment present in fruits likes tomato, watermelon, carrot used as color ingredient in many food products. Due to its possible role in the prevention of chronic diseases such as prostate cancer in recent year it has received considerable attention (Lawarence et al. 2015) . Natural dyes are potential and possibly only alternative for more viable and safer dyeing in the textile industry. (Purohit et al. 2007 ).
Bulk of the natural dyes extracted from plant parts like flower, leaf, bark, fruits, seeds, animal sources, fungi, and lichens. Availability, color yield and reproducibility are the problems with natural dyes (Guljarani 2001) . Particularly in India, natural dyes are being demanded not only for textile but also to be employed in food coloring, cosmetics and hair dye (Baliarsingh 2012) . Reawakening interest in natural dyes is observed in "Naturally or International Symposium/Workshop on Natural Dyes" collaboratively organized by UNESCO and Crafts Council of India in 2006.
Only 150 coloring agents, out of 2000, produced by plants are exploited for dyeing purpose (Siva 2007) . There is an urgent need to explore natural sources of dyes, identify new and rediscover traditional dyeing methods, and find out more precise and specific ways of applying natural dyes to get the required shades of color, and ensure colorfastness and examine the processes that have a potential for making natural dyes more eco-friendly and commercially important again. It is needed that research efforts should be directed towards exploring and bioprospecting of naturally available dye yielding resources. Das and Mondal (2012) attempted a survey of folk use of dye yielding plants and also its medicinal value from lateritic zone of West Bengal. Sutradhar et al. (2015) have documented the dye yielding plants of Tripura. Rashid (2013) accounts 48 plant species belongs to 40 genera and 27 families from Rajouri of Jammu and Kashmir. Lichens are excellent textile dyes; Shulka et al. (2014) have cataloged 11 species of Himalayan lichen as source of natural dyes. Maharashtra, well known for its richness in biodiversity but very little dye yielding resources are documented. In this backdrop present study aims to generate baseline data on the dye yielding plants of Maharashtra state, India.
MATERIALS AND METHODS

Scope and study area
The present checklist includes flowering plants in Maharashtra used as a source of dye. It consists of plant resources that are native to region, also cultivated and introduced species are included. Area wise, Maharashtra is India's third largest state and second most populous state of India. It occupies geographical area of 307,313 km 2 . It is situated in the 15°60' to 20°75' N latitude and 72°61' to 74°40' E longitude and comprises ca.750 km of Western Ghats. The state shares its boundaries with Gujarat to the North-West, Madhya Pradesh to the North, Chhattisgarh to the East and Karnataka and Goa to the South. Maharashtra is divided into 36 districts and six administrative divisions. Biogeographically state has been classified into three provinces viz. The Konkan, Western Ghats or Sahyadri and The Maharashtra Plateau. The 'Konkan' is a narrow strip of coastal land lying between the Arabian Sea and the Western Ghats. The western side of the Konkan region has a coastal length of about 720 km, whereas the width of this region ranges from 30 to 60 km. The area of the Western Ghats of Maharashtra is known as 'Sahyadris', with a total length of 750 km and an average width of 80 km. The western face of the Ghats is cut by deep ravines and canyons. Many of the peaks of the Western Ghats are more than 1400 m in height. The highest peak of Maharashtra is Kalasubai (1646 m) other important peaks are Salher (1567 m), Mahabaleshwar (1438 m), Saptashringi (1416 m) and Trimbekeshwar (1304 m). Tapti, Godavari, Bhima and Krishna are the main rivers of the state. The state has a tropical monsoon climate and it experiences four seasons during a year. The summer season is the March to May followed by rainy season from June to September. The post-monsoon season is the October to November and December to February is the winter. The temperature of the state varies between 10°C in winter and 43°C in the summer and relative humidity varies between 40-85%. The total rainfall in different parts of Maharashtra is not uniform. There is heavy rainfall in the coastal region (about 2000 mm), scanty in the central parts (about 500 mm) and medium in the eastern parts (about 1000 mm). Most of the soils in Maharashtra are formed from the Deccan traps generally from the augite or amygdaloidal basalt. These soils are black, dark brown or reddish in color. There are 16 forest types, which belongs to six forest type groups i.e. Tropical Semi-Evergreen, Tropical Moist Deciduous, Littoral and Swamp, Tropical Dry Deciduous, Tropical thorn, and Subtropical Broad lived Hill forests (Champion and Seth 1968) . Since the pioneering phase of plant explorations in India, Maharashtra has attracted many renowned botanists.
Data retrieval
The present checklist is an outcome of detailed literature consultation pertaining to natural dye resources (Krishnamurthy et al. 2002; Rani et al. 2002; Gokhale et al. 2004; Akimpou et al. 2005; Siva 2007; Kar and Borthakur 2008; Gaur 2008; Prabhu and Bhute 2012; Antima et al. 2012; Maxia et al 2013; Sharda and Rastogi 2013; Ozturk et al. 2013; Visalakshi and Jawaharlal 2013; Jarngal and Katoch 2014; Sutradhar et al. 2015; Patil and Shisode 2017; Kumari et al. 2018) . The online databases, The Plant list (http://www.theplantist.org/), Tropicos (http://www.tropicos.org/) and IPNI (http://www.ipni.org/) were accessed for family name, plant names and bibliographical details. The distributional details of plants were obtained through state floras as Flora of Maharashtra by M. R. Almeida (1996) and the Flora of Maharashtra State by Botanical Survey of India (Singh et al. 2001) . Almost all the available district and regional floras were also consulted which includes Flora of Osmanabad (Naik 1979) , Flora of Nagpur district (Ugemuge 1986 ), Flora of Akola district (Kamble and Pradhan 1988) , The flora of Savantwadi (Almeida 1990 ), Flora of Nasik district (Lakshminarasimhan and Sharma 1991) , Flora of Buldhana district (Diwakar and Sharma 2000) , Flora of Mahabaleshwar and adjoining (Deshpande et al. 1993 ), Flora of Yavatmal district (Karthikeyan and Kumar 1993) , Flora of Marathwada (Naik 1998) , Flora of Ahmednagar district (Pradhan and Singh 1999) , Flora of Kolhapur district (Yadav and Sardesai 2002) , Flora of Dhule and Nandurbar district (Patil 2003) , Flora of Jalgaon district (Kshirsagar and Patil 2008) , Flora of Baramati district (Bhagat et al. 2008) , Flora of Solapur district (Gaikwad and Garad 2015) .
RESULTS AND DISCUSSION
The present study is a first attempt to compile a statewide list of dye yielding flowering plant resources. The data compiled as botanical names, family, plant part used, dye color and coloring agents are listed in table 1. A total of 195 dye yielding species belonging to 153 genera and 58 families has been reported in the present work. The listed plant species belong to 52 families of Dicotyledons and 5 families of Monocotyledons. The highest number of dyes yielding species found in family Fabaceae with 44 species followed by Asteraceae, Malvaceae, and Moraceae with 9 species, Rosaceae with 7 species and Zingiberaceae with 6 species. There are 6 families (Amaranthaceae, Anacardiaceae, Apocynaceae, Combretaceae, Meliaceae, Solanaceae, etc.) having 5 species, 3 families (Boraginaceae, Euphorbiaceae, Lythraceae) having 4 species and 7 families (Casuarinaceae, Myrsinaceae, Phyllanthaceae, Rhamnaceae, Rhizophoraceae, Rutaceae, Sapotaceae etc. having 3 species and remaining families are with minimum number of species. (Figure 1 ). The genera represented by higher number of species were Acacia (7 species), Terminalia (5 species), Curcuma, Ficus, Indigofera and Senna (4 species), Bauhinia and Caesalpinia (3 species) and rest of genera with minimum number of species. Dye yielding plant parts percentage found to be, bark (16%), leaves (15%), flower (14%) fruit (13%), wood (5%), seed (5%), roots (3%), rhizome (2%), tuber (1%), gum (1%), spines (1%), and red scales (1%) were found in use as source of coloring material. (Figure 2 .) There were 37 species with more than one plant part in use. Sutradhar et al. (2015) have made an attempt to document dye yielding plant resources from Tripura, which incorporates 39 species distributed under 35 genera and 26 families.
The present findings record Fabaceae as a most dominant natural dye yielding family, which is in congruence with studies by Nidhi and Katoch (2014), Sutradhar et al. (2015) and Singh (2017) . Almost all of the plant parts yield dye, although in present report shows that bark, leaves, flowers, and fruits hold greater percentage of dye pigments. The same has been noticed by Nidhi and Katoch (2014) and Singh (2017) .
In conclusion as the natural dyes are quite safe and economically viable, it needs to explore the sustainable utilization of these dyes for various practices. To know the real potential and availability of natural dye yielding resources more detailed studies and scientific investigations are necessary. It is revealed from present checklist that there are lots of dye yielding plants still untouched and information on dye pigments is lacking for most of the plants. Since the present checklist reports highest number of potential dyes yielding plant taxa. These dye resources must be utilized sustainably to extract natural dyes. Research efforts directed toward standardizing dye extraction methods, characterization and molecular elucidation of dyeing pigment will uplift the commercial values of natural dyes. Common in moist deciduous forests.
